The molecular weights of light chains associated with adult and embryonic chick myosin have been determined by polyacrylamide gel electrophoresis in the presence of 0.1% sodium dodecyl sulfate. Adult muscle myosin contains three light chains with molecular weights averaging 27,700, 21,000, and 16,500, while the embryonic form contains only the two largest of these three. Recombination and hybridization experiments have been performed with these samples. The data clearly demonstrate that only two light chains are required for the expression of the full ATPase activity of myosin. The third light chain consistently is associated with adult myosin, but definitive evidence for its role is lacking.
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Recent studies have established that skeletal muscle myosin is composed of two heavy chains, of molecular weight 220,000, and two or three light chains, with an average molecular weight of 20,000 (1) . Expression of the biological activity of myosin has been shown to depend upon the interaction between heavy and light chains (2, 3) . However, procedures have been described for the specific dissociation of one of the three, electrophoretically distinct, light components without significant loss of enzymatic activity. These include fractionation with NH4Cl (4) and brief treatment with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) (5, 6) . The possibility that at least one of the light components might be a tenaciously held impurity has recently received widespread recognition (4-7).
Trayer and Perry (8) have reported that the ATPase activity of embryonic myosin is low, increasing to adult levels at, or soon after, birth. On the basis of these observations, they have postulated that the embryonic form is the most primitive isozyme of myosin, and that during muscle development it is either replaced by, or modified to, the adult type.
Our investigations have failed to confirm the differences in specific activity during development (9, 10) . However, we have reported that the enzymatic activity of embryonic myosin is extremely unstable except in the presence of dithiothreitol (DTT). Furthermore, the rate of loss of activity in the absence of DTT was greater at earlier stages of development. Activity could be restored to partially inactivated samples by the addition of DTT. Oxidation of -SH groups appeared to parallel the loss of ATPase activity.
In view of the progressive increase in the stability of enzymatic activity of myosin during development, it seemed important to establish whether there are differences in the structure, and in particular differences in the light-chain composition, of adult and embryonic myosins. In the present study, Abbreviations: DTT, dithiothreitol; DTNB, 5,5'-dithiobis ( 
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we have investigated the subunit composition of myosin from the chicken and from 16-day-old chick embryos by electrophoresis of whole myosin on polyacrylamide gel in the presence of 0.1% sodium dodecylsulfate (SDS).
MATERIALS AND METHODS
Myosin was prepared from skeletal muscle of chicken and of chick embryos as was described (9) . Recombination and hybridization experiments were performed by the method of Dreizen et al. (3) . Subsequent to the removal of LiCl and citrate from the recombined or hybridized samples, the myosin was precipitated by dialysis against 0.01 M phosphate solution, pH 7.0. Under these conditions, light chains not specifically associated with the heavy chains remain in solution.
The were applied to the gels. Electrophoresis was at room temperature with a current of 3 mA/gel, and the run was stopped when the tracking dye, bromophenol blue, reached the end of the gel. Gels were stained with Coomassie Brilliant Blue under the conditions described by Weber and Osborn (13) , and allowed to destain by diffusion in 7.5% acetic acid-5% methanol. Molecular weights were determined by comparison with the relative mobilities of simultaneously run markers (13, 14) . ATPase was measured as described (9) . Protein concentrations were determined from absorbance measurements at 280 nm in a Beckman DU Spectrophotometer, with correction for Rayleigh scattering; we assumed the extinction of a 1% myosin solution to be 5.60.
Acrylamide, Bis (N,N'-methylenebisacrylamide), and Temed (N,N,N',N'-tetramethylethylenediamine) were obtained from Canalco Industrial Corp. 
RESULTS

Molecular weights of myosin light components
Molecular weight calibration of the gels is indicated in Fig. 1 . SDS treatment dissociated three light chains from chicken myosin. The molecular weights of these three components were 27,100-28,300, 20,350421,750, and 15,900-17,100 ( Fig.   2 ). These data were obtained from six different preparations of red-and of white-muscle myosin. Chromatography of the myosin on DEAE-Sephadex A-50 produced no change in the number or size of these components. Upon dissociation of purified 16-day-old chick-embryo myosin in SDS, only two light components were observed. The molecular weights corresponded to those of the two largest components from the adult. Again the light chains obtained from white, breastmuscle myosin were not distinguishable from those of the predominately red, leg-muscle myosin. Densitometer scans of these gels are presented in Fig. 3 . Myosin prepared from chicks 6 days after hatching also contained only the two largest of the three components. Paterson and Strohman (12) have reported the presence of only two light components of different molecular weights in myosin from hatched chicks, aged between 5 and 14 days.
Investigation of the composition of partially purified myosin from 16-day-old embryos indicated that prior to the chromatographic fractionation on DEAE-Sephadex the preparation does contain a third component, with a molecular weight of 16,000-17,000. The possibility that this might be a contaminant unrelated to the myosin molecule cannot be excluded; however, the fact that it occurs in quantities equal to those of the other two light components would seem to make this less likely. Embryonic myosin may have associated with it the same three light components seen in the adult but, if this is the case, then clearly the smallest component is only weakly associated with the main core of the molecule. The light and heavy chains of chicken myosin were dissociated in 4 M LiCl and fractionated with potassium citrate (3). SDS dissociation of the recombined sample indicated that all three light chains were reassociated with the heavy chains (Fig. 4) . The quantitative relationship between the three indicated that they exhibited comparable affinities for the heavy-chain core. Similarly, when myosin from the 16-dayold embryo was subjected to the recombination procedure, SDS dissociation of the recombined sample indicated that both of the light chains initially present had recombined in equal proportions with the heavy chains (Fig. 4) (Fig. 4) (Fig. 4) (Fig. 4) . We can only assume that the smallest light component arose from partial destruction of the largest.
Ca++-activated ATPase activities of both of the hybrid samples were comparable with those of the original myosins, while the samples were maintained in the presence of 1 mM DTT and 1 mM EDTA (Table 1) ( ) determine whether this effect could be attributed to the embryonic light chains or whether it was a property of the whole myosin molecule that depended on the interaction between the light and heavy chains. Unfortunately, the instability of the recombined and hybridized samples in the absence of DTT and EDTA made it impossible to assess the relative contributions of the light and heavy chains to the stability of ATPase activity.
DTNB and NH4Cl dissociation of light chains
Attempts to repeat the specific dissociation of one of the light chains by reaction of myosin with DTNB, as reported by Weeds (6), have not been successful. In our experience this procedure resulted in the removal of about 30% of the mass of each of the three light chains of adult-muscle myosin. There was no evidence for preferential dissociation of any one of the light chains. This is in agreement with a recent report from Paterson and Strohman (12) . Our study does, however, differ from that of Weeds (6) in that chicken, rather than rabbit, muscle was the source of the myosin, and the light components have been separated and identified on a molecularweight basis rather than a charge basis. Similarly, preliminary attempts to remove one of the three light components by fractionation with NH4C1 (4) have met with no success. As with the DTNB treatment, we have observed only partial dissociation of all three light components when myosin is treated with 4.7 M NH4Cl.
DISCUSSION
This study constitutes a clear demonstration that skeletalmuscle myosin from chicken requires the interaction of only two light components with the heavy-chain core of the molccule for the expression of full enzymatic activity. The molecular weights of the essential light components have been established as 27,700 and 21,000. Myosin prepared from the skeletal muscle of 16-day-old chick embryos contains only these two components and exhibits a specific activity of ATPase comparable with that seen in myosin from the adult. Adult myosin differs from the embryonic form in having firmly associated with it a third light component, with a molecular weight of 16,500. Hybridization experiments have indicated that the interaction between embryonic heavy chains and the two largest of the three light components of the adult produces a myosin hybrid that exhibits full enzymatic activity. Apparently the smallest light component is not required for the expression of the enzymatic activity of the myosin molecule.
Previous studies (9, 10) have indicated that although embryonic and adult myosins can exhibit comparable specific activities of Ca++-activated ATPase, the embryonic form differs from the adult in that its enzymatic activity is extremely unstable in the absence of DTT. The stability of the enzymatic activity of the adult cannot be directly related to the presence of the component with molecular weight 16,500, since myosin from chicks hatched 3 days, which has only the two largest of the light components, exhibits substantially greater enzymatic stability than does the 16-day-old embryonic myosin (9) . However, it should be noted that subfragment 1, produced from myosin by papain or trypsin digestion, is composed of heavy and light chain fragments in a 1:1 molar ratio (15) , and is also enzymatically unstable except in the presence of DTT (unpublished results). Upon proteolytic digestion of myosin component unmasks sites that increase the tendency for aggregation through intermolecular disulfide-bond formation in the absence of DTT. We have been unable to compare the individual light components of subfragment 1 with those of myosin because of the partial proteolytic destruction of the light components that occurs with even brief exposures of myosin to papain. Sarkar and Cooke (16) have demonstrated that the light and heavy chains of myosin are independently synthesized. Their results indicated that the myosin molecule has associated with it three light components, with molecular weights of 25,500, 17,600, and 15,200, in reasonable agreement with the molecular weights reported here.
Differences in the molecular weights of the essential light components may indicate that the myosin molecule has a population of "heads", the properties of which may differ. It has been suggested that red-and white-muscle myosin, which exhibit different specific activities of ATPase, may be isozymically related, and that the difference might also be reflected in the light-chain composition of the molecule (17) . Since both red-and white-muscle myosins from the chicken contain both of the essential light chains in equal quantities, it seems unlikely that these different light chains distinguish different isozyme types. More probably, each myosin molecule contains one light chain of each type irrespective of the muscle source. In the in vivo contractile situation, the two heads may not have completely independent functions, but may instead exhibit a cooperative action. Young et al. (18) and Morales (19) have presented evidence indicating that although subfragment 1 has the capacity to interact with actin in a 1:1 molar ratio, heavy meromyosin, which contains two subfragment-1 particles, can interact with only one actin monomer. 
